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I ~Amplifier
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Coupler I 250 feet I Splitter
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Coax 1 dUnidirectional Cable 20 B
Ampliller 110 feet Coupler

INBOUND TRACK

OUTBOUND TRACK

Downlink
Radiated Signal

Strength/ch

+27 dB -1 dB -.5 dB

Gain/Loss

-.5 dB -5.3 dB -1 dB -1 dB -5.3 dB -7dB -5.3dB +27 dB

NOTES:

1. Assumes 1 watt composite power downlink amplifier.
2. 1/211 plenum rated 75 ohm coaxial cable.
3. Maximum number of channels equal 20.
4. Output of each downlink amplifier of +15 dBm/ch
5. Unity gain antennas are used.
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Office Cell

Modified PC ft.'ini Tower

AF Power
Receive Specs
Rec. Module
Tx Module

Operating Sequence
1) Receive timing, plus command and

control form Polling channel
2) Receive Return Unk data from In oltlce

STUs (Subscriber Transceiver Unit)
3) Send return link data to system controller

over PSTN but change Polling link 10 to
this oltlce cell 10

4) Receive data over PSTN for transmission
on Data channel

5) Transmit data to In-office STUs
6) Receive data from In-office STUs over

Data channel

Description of Operational
Sequence

The Rec module demodulates the Polling, Data
and Return Unkchannels. The ProcessorMan
ager extracts timing plus command and control
from the Polling channel, IDs, Instructions and
ARQ from the Return Unk. Office cell sends this
ottice 10 plus user 10 over the phone line to the
system controller. Then, data to be transmitted
with transmission Instrucllons are received over
the phone line and held In memory until trans
mission time. Then the computer pulls that file
and transmits that file at that assigned time and
ARQ procedures. The pager case size Aec.
module is linked to the cabinet using phone
extension cables with RJ11 jacksonboth ends.

Ree module--

Tx module (CAM)3 I
Freq. synth...
Hard disk (CAM)·

Ree. Module Dimensions - 2" X 1" X 3"
Cabinet Dimensions - 13" X 8" X 16"
(CAM) - Commercial Available Module

Technical Specifications
Ax Channels 3+
Bandwidth 25 kHz
Frequency 930.0125 MHz + n25 kHz

n ::0 {0,l,2 ...9}
lOw EAP
2,400 bps
2" X 1" X 3" (pager case)
10 watts, one channel

220W power supply (CAM)

PC Molher Board (CAM)

Dala Proe. & Mgr Card

RS232C Serial Port
Card (CAM)

RJll Modem Card (CAM)

Selectable 8 Fixed 2channels
Channel bandwidlh
Channel center frequency
n ~ channel number
Effective Radlaled Power
Malch POCSAG 1200
AF board of pager
Pager transmitter

D -- --- --_...-..._--_..... ..-.----!an-O==== ====- = .__ 1__ _ _
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RECEIVER MODULE

Receiver Module
(Functional Block Diagram)

I FM RECEIVER CHIP
~I~--~--~--~--~ ~--------------------I

·nl AMP [><n AMP 1)<n AMP n OET IL S :CH1

i I ~ I I
I esc I
I IL ~

FM RECEIVER CHIP
~--------------------IfiX n AMP n DET r,-- S :CH 2

: I :
I esc I
I IL ~

FM RECEIVER CHIP
~--------------------I

~X n AMP n DET r,-- S 1-t~_CH_3

: I I
I OSC I
I IL ~

FM RECEIVER CHIP
~-------------~------I

Lif[X..fl AMP n DET "- S I CH 411 . I

: I :
I OSC I
I IL ~



Data Processor and Manager Card
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Personal Transceiver Subsystem
(Subscriber Transceiver Unit +Power Module +En~ User Product)

Operating Functions

• STU receives Polling and Data
channel signals

• STU transmits Return Link channel
plus Data channel signals

• Power Module unit boosts RF
modem output to 10 watts ERP

,
Operational Sequence

A • ~ 0Flj:;~~&;=&; • W
~ I • 1'1' "'... I' ,.

•••• U ., H 'n "I
, ••• ., ••••••••••• , ••4f
., '!•• , ••• , ••••••••',-.

AF modem module insert
(STU) Subscriber Transceiver Unil

110v AC

When paged by the polling channel, the
STU receives, decodes and then the Power
Module outputs a 10-watt AF sigoaJ 00 the
Return Link that tells its 10, best receiving
station 10 and instructions on delivery of
that data. The STU then receives the data
on a Data channel and sends back ARa
over the Return Link at 1Ow. To transmit
data back, access is acquired through the
Return Link, and data Is transmitted over
one of the Data channels.

Power Module
(10 wEAP)

Product Specifications

• RF modem module

• Power Module Unit

- (1 M X 2.5" X 0.25") STU
- Match pager receiver specs.
- 100 mw transmitter

10-watt EAP
- 110 AC wall socket input
- RF amplifier + power supply
- chargor foedback option

P ----- ----- ........ _....----_.-..--.---,....~.,.===--=-. = J
.-tI""'--_~- - I



PCMCIA "Pager Card" Prototype
(Forerunner of PCMCIA Transceiver Card)

Physical Characteristics

Card Type:

Interface:

Antenna:

Switch:

Indicator:

Display:
Lable:

PCMCIA Type II

PCMCIA Memory Card or I/O

e Flush mount (battery could be incorporated into external
handle; AAA preferred, AA probably too large)

e Some manufacturers may require custom design and
location.

e Contact platform manufacturers on EMI and RFE
compatability. This is consistent with other PCMCIA card
product manufacturers.

Power On-Off

Blinking LED

e Message waiting indicator
eo Low battery indicator when voltage drops to design unit

None
PCMCIA STU release/paragraph 3.1.7 lable



PCMCIA "Pager Card" Prototype
(Continued)

Power Source

Battery:

Product Features

Data Rate:

Format:

Address:

Memory:

Internal Clock:

Electrical Requirementsl
RF Requirements

POrtable Unit
(PDMCIA Card Driver Software)

•
Display Features:

• 700 hours out of portable (350 hours lower limit)
• Internal see PCMCIA STO release 1.0 paragraph

3.1.6 battery location
• Consider re-chargeable options when card is

inserted in platform
• Use portable power source when card is inserted

in PCMCIA slot
• Insert and remove with portable power active

2,400 BPS; product evolution should anticipate
upgrade to 4,800 or 9,600 BPS as 2nd generation
product

POCSAG (2400 BPS)

Minimum of 4 POCSAG addresses. Minimum of 16
addresses including the 2 POCSAG function bits.

32K bytes minimum

Time and date stamp of all received messages or
last packet received.

Commensurate with Motorola Bravo pager
Commensurate with Motorola Bravo pager

PCMIA pager card should rely on software in the
portable unit to manage the information in RAM

• Message waiting indicator .
• Number of messages, type of message, time and

date stamp of message arrival
• Low battery indicator for PCMCIA card when

voltage not within operational limit
• Battery charging indicator (min./max.)
• PCMCIA card in-rc.nge indicator



PCMCIA Transceiver Card

Receiver: See PCMCIA receiver card

Transmitter:

Power Out:

Frequency:

Modulation:

Bandwidth:

100 mw to 500 mw

930 MHz

Constant Amplitude

FCC masking specification

for 25 kHz bandwidth
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RESPONSE TO MPR TELTECH, LTO.
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Prepared by:
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Bepjy Comments to Mrsl OppositIon P~tttJon June 16, 1992

The MTel formal oPPOSition paper to PageMart's request for Pioneers Preference

has enclosed tecnnical review material by MPR Teltecn. Ltd. that attempt to

cmioue PageMart's PlMS proposal. Eacn ccmment by two MPR reviewers Will

be aadressed and will be shown to be Without any technical foundatIon. MPA

personnel have either misunaerstood, mIsinterpreted or re-engineerea the PIMS

system to arrive at their conclusions.

A. Comments on the physical layer aspects ot the (PageMart) Petition in

Rulemaking.

Accoraingly, we snail deal With each POlOt and demonstrate that sill cf MPR's

pOlms are Without merit.

MPR concludes 12 cell reuse pattern required

"It is quite unlikely that a 4-ceil reuse pattern could be used in the
cellular system deSIgn. Calculations indicate that a i 2-ceJl reuse
pattern IS requirea."

80th 3 and 4 ceU reuse plans contfrmed tor use in cellular systems. First.

MPR concludes, atter using Dr. Lees textbook on cellular system deSign. that a

..12-cell reuse pian 1 is needed. This is In airect conflict With tr.e eXls~: - 9 cellular

telecr.one inaustry which has been able to (1) operate unaer the 7 call reuse

scneme commonlY used t.:.:ay, ana (2) install as small as a 3 cell reuse "mlcro

:eil" :~an WIth eaual to. or berter performance than conventional 7 cell oians.

:.:-am ~ms (i ..a1VS1S. r::e ..:. cell reuse s(:-:;.(e~y ;Jroposed by P:l~e.'1arc cae~ r:ot
~p;;ear co ac::ieve tee specrr'Um erficier.cres claimed. .-\ 1: cell ;euse strategy
;';51::;'; 12 data c.jannels. one polling ct.anr:el. and one return 1:::1< channel
.:ippear ro De rr:e r:llmmum requIremem.'



Dr. L:3e's bOOK, and many crners. reoresent a starting point in cellular system

design that aoesn't represent (1) current state of the art, or (2) acr:..;al

experimental data from the massive amount of experrmental worK done to tine

tune theoretical analysis. Soeclfically, MPR primarily cites the references to Or.

Lee s books and articles that. :n the surlace. suoports their argument and omIts

the articles that clearly suoport the four cell reuse plan incorporatea In

PageMart's design, such as Or. Lee's article In "Smaller Calls for Greater

Perlormance.': " Dr. Lee's paoer clearly states that even a ~ cell reuse ptan can

be aeslgned to ::::e 2 dB suoertor to a 7 ceil reuse aeslgn (i.e., 2 dB greater man

the stanaard 18 dB C/I ratiO):

Tbree Cell Reuse

= E...-B = 105 (=)
k,
, D -B_ K

k=1

20 dB

The above eauatlon that aetines the carrier-ta-Interierence ratio (C/l) :s usee :0

estimate cocnannel interierence from aU neighboring cells broaacastlng on the

same channel at ~he same time. Normal analog cellular practIce is to sceclty C/l

to be 18 dB or nigher.

F'Jf":nermore. ft1PR never crevldes the results of Dr. Lees digItal system aeslgn

analysis. namelY a C/I ratio ot 18 dB for an analog vOIce system wnlcn

corresponds to a 5 dB reaucea requirement tor a gIven a:gltat vOice system.

resulting In a C:: ratio reaUlrement at 13 dB (in the "Digital Systems' chacter at

:he same DOOK :nat MPR uses3 ) for a .:1 cell rliuse s'lstem. 7heretore. cecaL!se

-- -------
: ''':::-: r,...,..., ·'-'r~·. '.f;: • ... 0" ... 1 ClO 1'::: .• ~.:>Il c' .. I: [) .....r;: ......3,h+QOS .~az" =, .~avemoe•••• D. ~::1aller l._. S .0. ,-,rea er
?er.ormance; C:-. \V.c. ~'. :"ee.
,; >;obiie (-ei;'':~:l; TelecQm~;!,.;tJjq;;Q:'s$\:<:terr;,. William c.Y. :"ee..\1cGra.w Hill.
1989.



MPR did not ccver digital cellular system desIgn, they overlookea the tact that.

"The digital unit performance can be reauced by 5 dS to obtam the same

penormance as an analog umtU (page 4284 ):

Digital Cellular Systlm

"Swerue and Uddenteldt compared a narrowband coherent digital
mooulation with gaussian MSK to an analog FM system. Two 16-kbos
vOIce coders were used. Res/oual excited linear predicted codes and
subband codes were tested. The digital unit pertormance can be
reducea by 5 dB to obtam the same periormance as an analog umt.
This 5-d8 reduction advantage means a large coverage area ana a
closea frequency-reuse aistance for each cell can be servea in a
cellular system. This is, in tum. an example of high spectral effiCiency
usage (descrlbea In Sec. 13.4). Consider the follOWing calculations.

1,1 a omniairectionai-cell system. assume that CII =13 dB. Le.,

{2= g4 > 10 1.3 = 20
/ 6

Solving for (J and uSing Ea. (2.4-5), we obtain

q =3.31 ='J3K

/< = .1 (freguenc'/-reuse panern1

In this case the total numCer of channels is 333; then

m =~ =83 channeisiceH
4

which is higner than the 47 channelS oer celi for Cli ~ 18 dB.

MPR appears to ignore published literature that would provide tecnnlcat

arguments ana commerc:al eouipment that implement microcell reuse all the way

to 3 ceil reuse pians. such as (1) Dr. Lee's recent Micrcceil system Datent

4.932.049 avaiiable for c::mmercial use througn DeCibel Proaucts. its licensee

manutacwrer (ExhibIt 1 l, ,'.1icro Lite oroaucts (Exhibit 2), Smari System (Exnlblt

..:. Ibid.



3). ana (2) Or. Lee's artIcle C;~ "EfficIency at a New Microcetl System's" The

artIcle in footnote 5 concludes that not onlY can a 3 cel' reuse pattern =e

acnleved thrcugn a very simple aeslgn, out that a 4 cell reuse pattern uSing this

tecnnology may be more suitable (Dr. Lees article on "Ef'ficlency at a New

Microcell System~, page 3, Exhibit 4):

Four Call Reuse

"In edge-excited zone cells. the 0 1/R1 has to be 4.6 in oraer to
malntam the vOIce quality. Where 01 is the cochanneJ zone seoaratJon
anCl R1 is the distance from the zone transmitter to the zone oounaary,
R1 is also equal to the cell raaius. Then new q (q = O/R1) beccmes
3.6 as shown in Fig. 5. Then the treauency reuse factor K becomes

K = (gl2
3

= ~2 =4.32 - 4
3

(Frequent reuse factor)

wnich proves that the eage-excitea acproacn can increase ·.... e ratio
caoaclty by 7/4 = 1.75 tir3s."

There are situations wnen all of the zones have to turnea en. We caJi
this a non-SeleCtiVe eoge-excitea zone configuration. In a non
selective edge-excitea zone configuration, all of the cells are treatea as
omnl-cel(s because all zone's sites are transmitting c~mcurrently. In an
analog system. the regular center-excited orr-~-cells reOUire me co
channel interlerence reauctlon facter which is =qUlvalent to , =O/R =
4.6 as mentloneo oreviousIY."

Since there is no restriction on cell size. the aforementionea mlcrocell acprcaeh

is equally SUItable for macrccali deSign.

Anomer factcr tnat is net conslaereo in MPR's analYSIS. is antenna canern c:esign

',vnicn In many cases can effectlvely use'c:cwn tilt" (accomollsnea In antenna

::eslgn to significantly reouce the main :::le energy at the nonzon in cem omnr

ana sectcnzea antenna aeslgn (see E:~nlblt 51. ,=·..Jr1hermore ac:crs swell as

:erram cannet :e aadressea in any real syStem aeslgn cy a ~erraln crooagatlon

~ ?acTd Corpora::lOns ?:oneer s :Zeq~est !Or PCS :-<::cn::o!o'.!)1 cated ~lay 4
L9921;J.e2l.



factor :..5 used by MPR, but is a fact at lite In many systems aesigns that use

natural terrain features (e.g., mountaIns, canyons. etc.) to even further Increase

frequency reuse in certain MSA's (e.g., major west coast Cities).

It is interesting also that MPR compares CII ratios specitieo to be 18 dB or higher

(for analog cellular systems) ana not 13 aB tor digital systems (see Mobile

Callular Telecommunications System by Dr. Lee. page 428) and assen the

uosuostantjated tigure of 22 dB tor binary digital FM systems (no indication by

MPR author as to the aetails of "';5 own wOr1<bL Moreover, no consIderatIon is

given by MPR that address what IS currently done in wIreless aigital aata systems

~o aCnJeve high performanGe. namely:

•
•
•
•

Sianal interleavina, for examale at the acclication level versus at the link levei
Fo·rwaro-Error control (i.e .• POCSAG or other protOCols).
Signal diversIty througn multiole antennas
Antenna pattern control througn down tilt and using narrow beam antennas.

E:ther cOllectlveJy or separately, the above signal ennancement acproacnes are

\,.;sea In many wireiess applicatIons.

MPR: "Normal analog cellular design practice is to specIfy the C/I to
:e 18 dB or higher. with this figure reqUIring the ciaS51C seven cell
reuse pattern. To acnieve a Gil protection ratro of 22 dB7 requires the
use of a 12-cell reuse pattern. II

Digital Cellular Systems out perlorms Analog Cellular Systems on (el1).

The commercIal real iN is tha.: ~ven teoay's data moaems that now ocerate at

9.600 bps and ~move (18M's CalluFlan II is contemplatrng 19.2K bas on

conventional AMPs-type cellular systems WIth C/I = 18 dB) won<: well in vehicles

~ I Pa~e 8) ;";orI-:1al analog cel!uiar aesll~:1 pracuce 15 to speClfy ~::e C ': to be
: 8 db or ~lgher. ',Vlm ::::s rlgure requlr:::g the CLiSSIC seven ceil reuse
;=attern. ?:-evious worK DV t::e aumor ::as ='ouna that :~e 10- 2 3ER capture
r::mo for binan: Cigltal F~1 i:: a 25 2<Hz c::annei spaC1::~ WIth a .... 0 kHz peaK
devIauon and a data :a:e:r' 4.800 b;::s \vas on t::e order or 22 ~b :r. ttc r'ading
L:Iannei enVIronment.

Ibid.



with the only typical complaint being droppea connections at hand-off POints.

Furthermore. It is incorrect to reter to a sectIon In Dr. Lees bOOK on paae 1908 fJr

analog cellular systems ana ignore the relevant equivalent calculations for C,'I on

aigltal cellular systems in the same booK (page 428).

In summary,

•

•

•

MPR's own referenced authOrity, Dr. Lee. has shown that a 3-cell reuse is not
only feasible. but it is a commercial reality. Also, a uniaue 4-cell reuse aeslgn
is shown tc :~ave more aeslgn tlexlcility rn Dr. Lee's papers.

Existing vOIce analog cellular systems (with ell;:: 18) are uSing commerclallv
avaJiable modem eOUlpment to run at rates at or well acove 9.600 bps With
excellent results except for hand-ofts (whicn PIMS does not reqUIre because
~essages are typIcally between 10 ana 100 seconas).

;\1PR unnecessarilY limits the scope of their investigation.

Many technical pacers and books have ceen publishea on C/l, signal
procagatlon's losses (inciuding the significant non-linearity at pam loses
even in the log-log plane of signal versus distance - Or. Lee assumes a
dnear iog-log extracolation inaepenaent at distance for eStimation
purposes!. Other researcners have done ccnslaerable worK cn
transmiSSion path Icss~ and the linear log - log approxImatIon at MPR is
onlY a crude acproxlmation that unduly penallzes snon to medium range
pam loss (see Exhibit 5).

Modulation, interleaving and signal diverSity tecnniaues for : ~~a!

enhancement for digital FM systems that sucport traditional 10-2 SER (for
pagrng systems) have ceen omItted in the MPR diSCUSSion.

MPR states that a massive number of receiver sites are neeaed.

.:) \lRP statement on page 9: "The use of 120 degree sectonn~ "vltnin eacn ce~1
of a 4--ceil reuse ::o:m:efn :5 5nCWn by Dr. Lee [7, p. 190: to Ylelc a. co-channel
:nterr"erence rarlO ,)! l~ db, wn:'::l agaIn is unacceptable. T:'is would also
:-equlre 1:: data c::annels Insteao of 8. If 60 degree 5eetcrm~ \,,'1 t:ll:l eacn cell
]I a .... -cell reuse patten~ 15 adopted. a 21 c::J co-c::annei ::::errerence ra:1O 15
Jbtamed. T::iS:5 a reasonaDle value for d:gltal RF paCKet com:r.:...::::c:l.t:ons.
:' ':-:-:e ?!!'-lS' :-et'..lrr. link :i=proaci: :s slInpie: i:)::: :;-ee s:Jace r or near r:-ee
space cO:loitions _-:C1 as vemc~e, ",-pproxlmateiy 0.1 "Van :s s:..l:fic:ent a::~ :.::
::1 bt.:lldings ''':;:1 :.J :0 \"'0.::5 '..:Slr.~ a';Jower ::lOQt.:le' ;'It.:~gec :::[0 ;:::e ..:...:
\:onal5e. ~o augI:1em :he low power subscr:ber :ranscelver :s appropnate.



'The FageMart system will need far more than tWIce the numeer of
dedicatee receivers as there are case stations. Calculations indicate
that for a 0.1 watt sucscnber cevlce. between 25 ana 169 deaicatea
receIvers per base statIon cell site would be reauirea."

PIMS' low power return link In tree space and high power "Power Module"
~

approach in buildings Is superior to the NWN approach. First, MPR

misquotes the PIMS rulemaking document by asserting that (page 10):

"Our understanding of this is that the EffectIve RF Power (ERP) of the
portable device is limited to less than 1.0 Watt, whicn ;s consIstent with
the low powerea (0.10 Watt) transceiver that is integrated into a nana
held personal computer product. (p. 8). Yet on p. A 13, PageMart
proposes To achieve two-way operation in a high Insertion loss
building, the Unit would be COUPled with a separate power modUle. as
depictec in Exhibit XII. which would be cacable of generating up to '0
Watts as a transmItter. This is also mentionea on page 9. This is
inconSIstent with their prevIous statement of limIting the maxImum ERP
to 1 Watts, ana in fact proposes to use the 10 Watts of power In the
very area where they wish to use low power to ensure minImum
interierence with other computer and communication eOUipment.'·

PageMarrs acproach is very straightforward: If the subSCriber is outside or riding

;n a venicle 1CO mw (or up to 1 watt) is adeQuate return link power to

ccrr.munlcate With receiver sites. On rne other hand. aovanceo messaging

servIces are expected to have its major impact on business or "wnite collar'

apClications ana. therefore. must work esoecially well in bUildings. For rnbuilding

acplicatlons. a "power mooule" is providea for that moce of operation and could

operate at up to 10 watts ERP when pluggeo Into AC line vOltage. The 'power

maCUle I COUld t:e ccnfigurea to ooerate as either a wlreo or wlreless'r~~eater' ~o

the sucscnber transceiver moaule.

T;'us. when a P!~"S subSCrIber IS in a buJiding with even 20 cS or more insertIon

055. :.ie return linK wlil func~:cn reijabJv '.see taoJe CeIOW). -:-he entIre theoretical

analVSIS cf MPR is almea at ciscreaitinc PIMS free space. ~ 00 mw return Mi<.. -



'J ~ I) l :J:': . ~ . ,lti

However. if MPR would have OnlY stoDpea to conSlaer, MTel's NWN has even a

greater dilemma than PageMart in their return link tor acKnowleagment.

Available power for Transmission (Return Link)

BuHdlng Available
Total Penetration Power

Syste~ location Power Loss· in oBm

PIMS Outside 100 mw None 20dBm
bUilding (2008m)

NWN Inside 2w 15 dBm 18 dBm
building (33 dBm)

Cellular Inside 600 mw 15 cBm i 2.8 dBm
building (27.8 d8m)

PIMS Inside 10 w 15 dBm 25 dBm
building (40 dBm)

• MPR's assumotlon

Theretore, if we compare a PIMS subscriber stanOlng outslae a high rise office

building with a oUllding penetration loss at i 5 dB to an NWN sUDscnber standing

inside the bUilding, and a cellular telephone sUDscnber stancing Inside. NWN has

2 dBm lower return link power than PIMS. and a cellular SUOSCiloer IS over 7 dam

;~, Fortunately, theIr analysis is absolutely diSDrovea by the "ieal worlc"

exoenence at ~cnable. hano held cellular phones :hat worK in many nlgn rlse

office bUllu,ngs Ion the grouna floor wnere the oUliding penetration :055 IS a: !east

i 5 dB).

'APR's analysis :5 Significantly flawea for a numoer cf reasons mat C~Ulo Increase

::ower avaIlable UD to 40 dB:

• 7he return link must be Increasea to taxe Into aC=~'-Jnt actual receIver

sensJlJviry (10 dB),



• Return link antenna gain (10 dB).

• No shaaowlng (8 d8)

• Diversity (-12 dB) - note more than one receIver or antenna.

However. a sigmficant assumptIon used by MPR in performIng their "absolute

analysis" preoiction of signal power level requires rangIng InformatIon that many

researchers have performed. some of which have measured results that preaict

distances that deviate by a factor at two or more with regard to short-to-meaium

distance (see references Bullington (6) and Hariey (21)). More importantly,

because uroan, suburban, with and without significant foliage, short range less

than 1Kw. meaium range iess than 10 kilometers or greater than 10 kilometers.

ail have an influence on transmission loss oredjctlon because range IS highly

non-linear (leg-/og coorainates). one linear log· log equation for 0 to 30

kilometers is onry a very crude predictor lO (see Exhibit 5).

Also. these prealclors were Q.Q1 usee to evaluate MTel's NWN system return link

performance In the NWN tecnnrcal feasibility report of June 16. 1992.

Callular t8leonone systems such as in the case of the non-wire/ine operator in

San Diego (which Communication Industries conStrUcted and PacTel later

: ~erated) initia:.;o service with 12 cells (in a diffiCUlt terrain environment) and

proVided reasonaole incuilcing performance. As the system. cell-subcividea. to

approximately 24 cells. a very ~:Od degree oj incUliding ~eriormance was

acnieved. PageMart's San Diego pagmg servIces tOday operate with 12

:ransmltter case stations and orovides very good coverage. A simllany

constructea P!MS system :n rhe Inlr,al stages would orocacly have a SImIlar base

StatIOn aeclovment with aocroXlmatelY two tImes ttlat numoer 10r receiver sItes

: 0 Jr. Lee uses 3S.4 loglO '.: i ir.depenaently or cistar.ce (:.e. sr:ort. :neaium or
~on~ distances as Bullington discusses.

Q



(see p. A4. footnote 3 in PageMart's Petttion for RUlemaking). Fortunately,

cellular teleohone users with the millions at hana held portable phones prove

every day (and have proven since the mid-80's when cell sites were not as dense

as they are today) a 0.6 watt return link can functIon effectIvely in the car and

even In many buildings.

C':nsequently, MPR resuits that indicate...

"Calculations indicate that tor a 0.1 watt subscrrber cevice. between
25 and 169 deaicatee receivers per base station cell sIte WOUld be
required"

is totally incorrect. Based on the aforementioned table ot available power

levels. PageMart's 10 watt inbullding power mOdule and 0.1 watt subscriber

transceIver mOdule (STM) for tree space would be preferred to a two-watt

transceiver used for bam inbuilding and free space (and cellular's 0.6 watt

portable hand held units are physical evidence at this), Furthermore, as

excenmental evidence is evaluated, STM transmItter power COUld be increasea

(even uo to 1 watt). Moreover, given the puolished literature in this tield. a

literature searcr. snows that the key factor In Or. Lee's propagation mooel is the

aistance equatIon (38.4 log,o 01). Depending upon the researcher ana the

oojective of the stuay, one can fina the eauation to vary widely:

•
•
•

38.4 10910 a1
20 log1 0 OJ
2010910 0 1

• MPP's equation (ret. Okumura. 19681
. Bullincton. 19n (meaium ranee portIon)- . -
- Haney, 1989 (short range}

The range difference between the log-!O;; slope of 38.4 versus 20 can vary

suostantiaily ana can easilY double tr1e range avaiiable in caJouiatlons unaer 10

'711Ies. The Plam rac! is mat F .:·~eMart·s PIMS low power SOlutIon is tree space

'ana 10 wans lr.oUlicing) Out cectorms MTsIs two-wart onlv sojutJon, The more

~'Jpropriate Issue. then, is ttie prcolem with MTel's transceiver uSing one Dower

10



source for all aoplications. (MTel should then reconsIder theIr 7 watts "die hard"

battery solution to be only on a par wIth PageMart. because they WIll Jose another

3 dS it one compares MTel's 9,600 bps return link to PageMan's 4,800 bps return

link solution).

MPR states inbuilding transmission creates serious problems at
cochannel and adjacent channei interlaces.

"The use of 1 Watt and 10 Watt transmitters for in-building
transmIssion creates a serious proOlem ot cocnannel and aojacent
cnannel interterence for users outside the building and in aOlacent
building towers. This is baseo en the false assumotion cy PageMart
that bUilding walls offer hignlevels of signal attenuation."

PIMS' approach is to contain the inbuildir.~~ RF by transmitting only that

Jevel at RF neeaed for reliable inbuilding data transmission. First. the PIMS

approacn creates the oPPor!unity to realize massive amounts ot treouency reuse

through low-cost. PC beare-type rnterlace and transceiver modules that would be

reaoily interfacea to a standard DOS-type PC {including mOdem). MPR's own

recognition of this is cited in their paper were, If not for the maximum ERP pewer

levels. assumea by MPR (page 16):

"Although the concept proposed by PageMart is attractive en the
surface, there aopear to be some r:...-,damental problems In the areas at
propagation ana bUilding attenu..:;,tion which have not been fully
aaeressed. The concept proposed would worK well if buildings could
be considerea as pertect RF enClosures, but the vast maJonty at
buildings cannot Ce treatea as such."

. PageMart ~~:::oses a maxrfT'1um ERP of 1 watt for inbuHding ottice ceils because

there IS a great potential difference between officES. both as to location, size and

in some cases. an ottice cell may be used more like a building cell in

Tlanufacnmng ana processing plant envIronments. ::'5 surcrrslng that MPR

NOUIC miss the obVIOUS oomt that eacn c:ass of installations. sucn as nrgn rise

office cuiidings (urban areas), versus stano-alone cuildings (sucurnan areas) ana

11



me sQuare teet to be coverea by the office cell must all be consIdered so that the

lowest acceptable power Jevel is usee in any given class at aoplicat!on, because

the objective is to contain the RF energy to the extent practical, wIthin the

bUilding. Since the PIMS operator(s) would be the source 01 office ana building

cell equipment and installation, tr~ Inbuilding RF envIronment will be procerry

engIneered and managed.

TypIcal power levels from the Significant experience of CT·2 installations around

tr~ worrd indicate that ERP leveis range trom approxImately 0.005 to 0.01 watts

per cnannel in most "office envIronments" (Exhibit 6), FageMart would operate at

simliar ieveis.

PfMS broadcasts only non interfering geographical cells during a

building/office ceil time segment. ihe same MPR transmIssIon lOSS eaua!lons

indicate a calCUlated value of 0.25 mIles aistance or two city bJocxs (ana net 0.85

mliesJ for 0.01 warts ERP wnlcn is further reducea by the insertion loss ot,;e to

other neighboring puiidlngs. -~e key issue IS that a PlMS ottice cell or DUliding

ceil coes not transmit (1) at maximum ERP unless the nature of the oudding

reqUires the power. or (2) generate cochannei interference With an overlaCPlng

geogracnical ceil. because onlv non-interfering geographicai cells are

:roadcastea during a buildir-g cr office cell time segment (see PageMart

RulemaJ<lng document p. A22 ana ExhIbIt XL Conseauently. geogracnrcaJ cells

are not broaacasting :n areas where there are building and ottice calls In creer to

prevIae fer the massive frequency reuse possible througn Inbuliding cells. -;nus.

there IS never "an en-street subscrIber cevlce" 't~at' COUld stili receive sIgnals

~orm mis office celi at a oistance cr 0.85 miles" (page i':: ..'.1PR) becal:Jse a

sucscn:er en the street does net have tr.e oosSlcllltv ct a geogracnlcal cell

c~:aacastlng in that area en me same time segment.

. ...,
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MPR goes on to conjecture that cttice cells could Interfere wIth another in an

adjacent bUilding, even though "in this case. the RF radiation passes througn two

building walls (at least)" (page 16. MPR). USing MPR's own conclusion. this IS

equivalent to 2 X 15 dB =30 dBm. pluS attenuation due to distance. at ground

levels (and less as building attenuation decreases with building height) anc will

not pose any proOlem WIth normal inbullding raciatea power of 5 to 10 mrlliwarts

ERP any more than garage door openers and CT-1 cordless phones would

create a major problem In suburoan areas.

From the stancpoint of building cells. the same mistake is mace by MPR to use

the maximum ratea ERP in all buiidinc applications without engineering the RF

envlrcnment In the building. ence again. fo~~urposes of RF containment.

build~ng cells will be maintained at as Iowa power level as practical (typlcaily

under 0.1 wans raciating in the mechanical building core) so as not to create

unnecessary buJlding-to-builc!ng ccchannel interference. The output at an

inbUilding-aistnbuted antenna system sucn as that depicted in the PIMS

Rulemaking doc:.lment would require distributed amplifiers to compensate for

losses encountered in using a slottec coaxial cable that IS hung In the mechanical

builaing core of high rise oHice buildings. Alternatively, the Decibel Products

(OP) Soiutlon ot a cistnbute-:: 3.ntenna networK using 75 onm coaxial caole with

amelltiers wouid not reoUire high Inout power at the case statIon (see Exhibit 7).

7he CP approacn has the aodea advantage ot managing eacn cistrrbutec

antenna's outeut at (~) very lew levels of ERP (0.005 to 0.01 watt. and (2)

focuses the directional antenna canern at the intenor at the bUilding for even

greater RF containment.



Therefore, bUilding ceJls can ba englneereq to effectively contain the low levels of

RF energy broaacasted. Moreover, there IS no COCnannel Interterence when

PIMS controls the tIme of broadcast for building and office cells seoarate from

geographical cells in that local area.

MPA Jtates that PIMS transmitter will jam themselves.

"There ;5 a great deal of concern about the hIgh power base stations
presentIng unacceptable levels at aajacent-channel ;ntenerence In the
system coverage area. It appears that they could jam themselves as
well as sUDscrrber aavlces near the oase sites. "

PIMS base station sites will be engineered to avoid receiver

desensitization. First of aiL the aajacent cnannel proolem MPR refers to aoplies

more to MTel's NWN system for in-band (930-931 MHz) ~roblem because they

'Nill not oe able to manage any at the aajacent 50 kHz channel(s} wnereas. in

'::IMS 10-25 kHz channel groups. PageMart and orher PfMS system operators

can manage the adjacent. i:l-bana. channelS (10 cnannels) to a mucn nigher

degree. The Ot.::-ot-band 929-930 ana 931-932 MHz issue has alreaay been

addressed by ?ageMart In the PageNet comments (see PageMart ReOIY

Comments, June 16. 1992, ~age 19-21). Furthermore. MTel's Reply Ccmments.

June 16. 1992. page 10. footnOle 20 also addresses the same aajacent channei

interference orcclem MPR now raIses ror PageMart. Yowever. the soeclfic

advantage MTel c:alms With NWN that ...

"... :he return signal Will use a relatrvelY narrowoana (25 kHz; cnannel
oceratrng at 9.6K bos that is emceadea withIn ~he 50 kHz C:1annel.
The Dutlt-in guaraoana affores at least 20 dB of adeitional orotectJon'

... is unlikelY.


